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instruments are possessed of objectionable liniitat.ions, 
i4thcr in reliability, initial cost, or cost of operation. It 
seems sdvisalde, therefore, bo call attention to a ho- 
toinetcr which, a t  the prcsent stage in its trial, a t  f east 
indicates its prac'tSica.bility in connection with investi- 
gations of the light relations of pla.nts. Allusion is had 
to the use of osalic acid and uranium salts as advocated 
by Dr. Raymond F. Bacon.' 

of the United States Weather 
Bureau, and with the LI cooperation of Prof. 1-1. €1. 
Iiiniball of t,hat Bureau, some comparisons have been 
iiiade of the records obtained by the Callender recording 
pyrheliometer with the result,s of esposure of the cheni- 
i c d  photometer, with the idea of st,andardizing the latter. 

In  testing out the chemical photometer, the writer 
used uranium acetate and oxalic acid in the proportions 
of 1 part by weight of the former to 20 of the lat- 
ter: that is, 5 cubic centimeters of a 1 per cent (0.023 
molecular) aqueous solution of the uraniuni sdt to 20 
c*ulic centimeters of a 5 er cent (0.71 moleculur) aqueous 
solution of the noid. 8 n most of his esperinients Dr. 
13ncon used a proportion of 1 to lo. In  the present tests, 
however, the amount of osdic acid was increased in 
order that long esposures might be made.) The solu- 
t,ions wrre brought together i n  Florence flasks of 100 
c.whic cent.imeters capacity,. plug c.d with loose wads of 

board that the surface of the liquid in each flask was 
fush with the u per surface of the board, the neck of the 
flwk being incined to the north so that no shadow 
would be cast upon the liquid. This method of esclud- 
ing the light from the sides of the flask was ado ted in 
order that only the horizontal surface of the liquifwould 
be esposed to the sunlight and thereby be more nearly 
comparable with the horizontally esposed receiving por- 
tion of the pyrheliometer. After esposure the oxalic- 
acid-uranium-acetate mixture was titrated with potas- 
sium permanganate (2N solution) in the following manner: 
Tlie misturr. was increased to a coiivenicnt volume for 
titration, either in the original flnsk or after having been 
transferred to a beaker, by the addition of distilled water. 
Tho volume to be titrated was then heated to 70" C!., 
made strongly acid by the addition of 1:l sul huric, acid 
and the potassiuni permanganate end point s etermined 
whilc the solution was still hot. Though Dr. Bacon 
states that he removed the uraniuni salt before titration 
by the addition of a sli h t  escess of aninionium hydrate, 
the writer found that 3 iquots of the sanic solution gave 
110 differences in the nniount of ostllic acid present, 
whether the uranium was removed or not, and, therefore, 
did not use the ammonium hydrate. It wns found that 
i n  cool wcatlier a 10 per cent solution of osalic acid 
Iwcaiiie supersaturat,ed, when the temperabure dropped 
tliiring the night, to such an esteiit that the stock bottle 
rontainecl cryst.als the following moriiing when it was 
desired to innlie up fresh mixtures for e s  osiire. Because 
of this fact it  was necessary to use doub f e the quantity of 
n 5 per cent osalic acid solution. 

A scrim of 13 compari.;Jons of the chemical photometer 
with tlie pyrheliometer was run during the montlls of 
May axid June, 1917. The length of exposure of the 
solution ranged fiwm 5 to S i  hours, alhhough in most 
cases the flasks yere first espoaed after dark in the 
evening and taken in after dark tho nest evening, 
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A PROMISING CHEMICAL PHOTOMETER FOR PLANT 

PHYSIOLOGICAL BESEABCH. 

By CHARLES R. RIDI-IWAY, ..\ssiRt,ant. 

(Omce of Tohwco and Plant Nutrilion Investigations. Burean of Plant Industry, 
llnlted States lh?partnient of Agricultiire.) 

[MS. rerelvcd by Weather Dorean, Apr. 10,191.4.] 

Botanicnl literatim is replete with references reprd- 
ing the effwt of light upon plants from the viewpoint of 
the physiologist, the anatomist, the histolo st, the 

instruments have been devised and uscd, and with sonie 
succew, for the determination of the intensity or nature, 
or both, of the insolation of the lant under obsrrvation. 
So far as the writer is awarcb, a l  Y of these methods and 

ecologist and the agriculturist. Numerous met !2 ods and 
1 Burnn, 13. F .  A s. Blution o l  o d i c  wid and nrminm salts as a chemical photometer. 

Wiili]). jniir. wi.. A .  hfanila, IYIU. 5: 2SISluJ. 
2 Tlw tlssks vuiild not IIR rdinpletely cIo.4 since lh. llwon 88 s "For d l  pructiral 

purpuses the JswnpLnsition o l  o d i r  a4d under the infhienw oS11rmy1 sslls may be 
:~ssumcd to Like plwe as lullona: lIEI0,-*C02+CO+U20." Some outlet, therefore, 
w:w ncceswry btr tlie cmspe uf the gases generetrd.--lufhor. 
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giving an exposure of a full 24 hours. The ratio, 

calories recorded by pyrheliometer 
grams ostllic acicl-decomposed 

for each esposure, the mean ratio of all the esposures, ancl 
the percentage departure of each from the mean were c.oni- 
puted. It was found that, with a mean of 978 for nll the 
exposures, in nine cases the deviation from the mean ranged 
between 0.2 and 3 per cent on either side, and that of the 
four other esposures, one was 6 per cent below the nienii 
and three were 5, 7, cmd 8 per cent above, respectively. 

Tests to determine the st,abilit of the osnlic-acitl- 

exposure, were made repeateclly ancl indicated that no 
appreciable decomposi tion of the oxalic acid t&es )lace 

The effect of the diffuse light of the laboratory was iilso 
tested. The results showed that it woulcl be necessary 
to espose the photonieter for several houn in order to 
effect a measurable decomposition of osalio acid when 
the proportions mentioned above :we used. The t.eiii- 
erature coefficient of the reaction WRS clisreprded, since br. Bacon. states that! for n remarkably wide range of 

temperatures this factor need not be considered. 
One application of the chemical photometer wm 

demonstrated, a t  le& to the satisfaction of the writer, 
in determining with it tho transmission coeffichi t of R 
piece of tobacco shade cloth of 13 x 12 mesh in c.onncc- 
tion with investiontiom of the light reltxtions of the 
tobacco plant. X flask containing the mixture wits 
exposed (from 9.30 n. ni. to 2.30 p. ni. on Mn.rcli 21. 
1917, a cloudless, bright dny) to tlie sunlight which 
passed through the cloth strutclieil over tlie soutl! side 
and top of a small frame. During the same period n 
second flask was esposed to uniiterrupted sunlight and 
a third to the light of n ortion of tho northern sky 

opposite the north window in which the last-mentioned 
exposure was made. At the end of the 5 hours the 
coiltents of the three flasks were titrated mid the tleconi- 
position of oxalic acid (0.339 gram) in the fully insolated 
mixture was taken as 100 per cent. The decomposition 
in the shaded flask (0.131 gram) showed that in passing 
through the cloth the photochemical effect of tlie light 
as measured by this reaction had been reduced to 47.2 
per cent. The decomposition in the flask exposed to 
the north light was 0.029 gram, or 12.6 per cent of that 
which took lace during the sttme time in the flask in 

shade cloth is nearly the saiiie as tlie coefficient cleter- 
mined by Prof. Kinibitll 3 with the us0 of the Sniith- 
sonian silver-disk pyrheliometer (42.7 per cent at  iionnttt 
incidence) when it IS considered that the flask under the 
cloth was sub'ected to oonsiilerable reflected light from 

the flask exposed iii a north window-thst is, the per- 
centage of total light (12.6 per cent) also includes some 
reflected light from the wall to the north of the flask. 

Experiments to deteiinine the reliability of the solu- 
tions and the accuracy of titration of tlie osalic acid 
showed, by the use of series of duplicate flasks esposed 
simultaneously, that there were no differences beyond an 
experimental error of f l  er cent. The results of fur- 

the intensity of the sunlight on clear days, hour by hour, 
produced a curve very similar to the records obtained 
with the pyrheliometer. This was true whether separate 

uranium-salt niixture in the dark, t 0th before and after 

within three days if tlic misture is kept in a dark c I oset. 

together with some reflectec P light from a low white wall 

direct sunligit. P 

a white wall d wing the exposure. The saxiie IS true of 

The figure for the transmission of the 

ther experiments conducte fp for the purpose of measuring 

cs~osures of an hour each were made or aliquot9 were 

posed volume of the osalic-acid-urnium-acetate mixture. 
From the tests outl'ined shove, this chemical pho- 

tometer seems to be ttffectecl by light in a degree coni- 
parable to the pyrheliometer in spite of the fact that the 
two instruments doubtlcss are influenced by different 
portmiom of the solar spectrum. Dr. Bacon cites several 
published articles tending to show that solutions of both 
uraniuni salts and os& acid produce absorp tion bands 
in that region of the s cctrum characterized by short 

may be considered as bcing fairly well established that 
the nctivc rays from the sun measured by this solution 
are in the ultra-violet," and further ". . . . I do not 
consider that there is any good reason for classifying the 
sun's rays into infra-red or lieat rays, visible mys, and 
ultra-violet or chemical rays, ns there are just as many 
chemical rcctctions effected by light corresponding to the 
Fisible and ewii infra-red parts of tlie spectrum as there 
are by the ultra-violet portion." In  Btwon's Table V, 
however, the dcconrposit~ioii in n solution esposed in a 
quartz beaker was somewhat less than that in a similar 
solution esposed a t  the snmo time in a lass flask. Since 
the reaction does take place in a ass container, i t  

ac*tivc: upon the solution. This seems even more cmtain 
when it is consitlerecl t1ia.t of the total range of ultra.-violet 
light C3,930-1,000 -hgstrijni miits) only those over 
2,910 K. in length rcn.ch t.he earth ~ n d  tlint none less than 
3,000 A. are cap:thle of passiiig through glass. It should 
be statcd further that tho rays over 3,000 A. in length 
are not bactericidal and, liencc, are probably tlie least 
active chemically of the ultra-violet portion of the 
spectrum so far its livin orgnnisms are concernecl.4 

cheiiiicd effect of light belonging chicfly to the violet 
end of the spectrum and that the pyrhelioniet,er records 
the lientino effect of the entire spectrum, with its mnxi- 
mum in tRe infra-red, i t  sccms, from the compnrisons 
made, that the proportion of the two kinds of rays 
c.ommonly obtaining in ordina,ry suiiligli t is res onsible 
for the apparent agreement of tlie two nietiods r of 
measurenieiit in a majority of the tests. The cases of 
marked departuro of the ratio from the mean of 
all the observations are thou ?it to be due in most 

affected tlic intensity of the rays nt one end of tlie spec- 
trum to a greater estent tlian those a t  the other end. 
I t  mag be stated, however, that Professor Kimball thought 
it advisable to discard some of the coniparisons made 
because of the presence during the exposure of moving 
cumulus clouds which caused the recording pen of the 
pyrheliometer to niove so rapidly that accurate evalua- 
tion of its curve was impossible. hiother e s  lanatioii 

iiistrumeiits of the recording pen tvpe are liable to 
coiisiderable error by lawging, es Jecidly when ackua ted 
by widely diiferent impasas of siiort duration occurring 
in rapid succession, such LS the effect of moving clouds 
just mentioned. 

ties tion of the specificity of the pliysio1ogic:il 
e8ec.t upon 7 1) mts of light ri~ys of different wave lengths 
is settled to the satisftwtion of hiit physiologists, it 

tn  x -en a t  the elid of each hour from a continuously es- 

wave lengths, and ma J: es the statements: ". . . . i t  

seems probable that rays other than t d ie ultra-violet, are 

Granting that tlie c a eniicn.1 photometer shows the 

calories 
01 anis 

instances to the occurrence o f clouds or haze which 

of apparently discordant results lies in the P act that 

Until the 

seems to the writer that n means o ! light mensureiiient in 
See Hlnbali, H. R.-The shading eflect of aim insect cages, MONTHLY WEATHER 

Btview, September, 1916, 44: 501-Sua, for a description of his method of determining 
ahadlog effeot. 

4 A vrw, If. 8. S. Jnhnson. W. T. Drstrurtiou of hactrria in milk by ultra-vlolet light. 
Ceutbl. Bukt. (etc.) .Ut .  2:  Bd. 40; 1914, No. l/S pp. 109-131. 
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general by a chemical method is grcntlp to bo cle$rcvl. 
The spectrum of chlorophyll solutkm shnws definite ah- 
sorption bands in the rod ~ i i d  omnge and nlninst g e n r d  
absnrption in the blue, indigo, and videt with siii:dhr 
hands iriteispersed in other portions. Thc pmjec.tioii of 
the solar spectrum for some lioim upon R 1e:if 1 1 ~ s  dcnion- 
strnted that photosynthesis tdwi  1)litCe mnst ]in-iminently 
in  the region of the red and tn some esteiit at  other p i n k ,  
though ?ew ucreptrthle results indim.tinq thc offert i i f  

light of various wave length upon other hfe 11ro('i?sses of 
the plant have been stat,ed.S As far :is light is cniiiierned 

hysidogicnl investignticms de:il, in the iii:i,in, with th.1.t 
kct!,r in its totnlity, its effe1-t upon plants Iwin? gei1erii.ll.V 
mgRrded n.8 hotochcmicn.1; hence, the feitsihilitv of ti:, 
cheniics.1 met K od of measurement herein describod, shoult 1 
futiire investigations confirm its seeming usef111nes.r. 

Some of the probnlh ndvmtages of the method are the 
ense and low cost with which it niay be operated, thr! 
avoidance of complicated, costly and frequently unrc - 
liisble mechanisms, and the reduction of error due to t h o  
personid factor in observation, so prominent in the photo- 
graphic paper method. The chief vnlues of the chemical 
photometer, howerer, if its reliability is established, \vi! i 
lie in the facility with which several esposuIes m.zy 11c 
be made simultaneously under vsrious degrees of illuri- 
nation and the fact that t!ir ei!lutinn gives an nutoniaitia 
integratim for the time period of csi)osure. The :Lute.)- 
matic esposure of vc~sels containing Iiglit sciisitivo solu- 
tions by the use of clocks hcs hem a:?comr;:i+!icd by 
Stone and n similar arranganient limy hc istivaiitngeous 
in connection with the one just dcsvihod. Thongh plans 
are made for fivthor work with the oxnlic-nc.id-iiranium- 
salt photometer during the cisming ~ro~-ii-tg senson, it is 
hoped that it will he carefully investipterl in ita B plica- 

ence to the cornlatit n of its prnpertie:; xvith the various 
life l?ly)c'esses, sinre suc:Ii research, tliliugh nttritctivo, 1ic.s 
witho!it the 1wovinc.e of tiiu w i t u r  in liis present fiold of 
actirity. 

tion to 1nmhlems in plant physiology, qspe +,ily wit i! refer- 

FURTREE STUDY OF HALOS IN RELATION TO WE.'.THER. 

EY Ho~xartn I!. 31An.r iw,  (-)l-lxerver. 

Since 1007 seveni.1 pn xrs hsvo hwn prcqmrcrl on the 
subject,, hnsed on chtn i roni isolnttd stti,tioiis, niicl it  is 
the tlesira of the writer to prcseiit hrrewith, in coiijuiic- 
tioii with the resu1t.s obt.nined s t, C'olunil~na, Ohio, thc 
colbctcrl results of all ohservn tio~is ovor thc. United 
Statrs niid to show the possible dil.tiol1 beta:\si~li these 
results und latitude, loligitucle, ani1 the a.veragc cyclonic 

[D.ated: Wratlier Biire.itt, (.'olumliiis. i.iliio, Kiirrli 4, lV1S.l 

tracks. 
Blue I N l ,  Muus. Bliic Hill Oltacriwfiiry. 

Fort I h - t h ,  Ttx. lrm!lifr Biirm~i.. 

Lat.. 32- A3' N.; Long., D i n  15' w. 

170. of which 8t; wciu? solar and S4 werp luiiar. 
qiicwy, Jamary, average 4.0: month 
I).:$. 

Length nf rm:rirrl. 1910 -1 915, in&inivc. Total number observed 
Month IJf greatest fre- 

least frequenry, Septcmher, 

l h k ,  N. I-. JIdrny N. Sttwttrf. ~ b s ~ r i ~ e r .  

Lat., I?' 53' N.; Lnng., 5 7  53' W.  

Tiibal niunihw of l~alm observed 372. r r f  whirh 3 7  wcre solar and 55 
lunar. Mnnt.li of g r p a t d .  frequeiwy, iiarch, average 3.4; least., June, 
awlage 2.1. 

1,cl:t. JIo i i f  c h d  Io, M r 1 .  Mri*t i?i L . 1111 h h .  t i  hwr w r  . 
Apl1ro:ilmdte Lt., 3 T  N.; Long.. 56' W.  

' l ' i . t f d  nuitilier r-If 17 olmw-ed frow NovPnibrr 5, l%I5 to December 
%, ~!NJI.;, of whir-h number :I w r e  solar aiid S lunar. 

C'ol i i i i i  h i r r ,  Mo . lI'rrt!htr Biircnic. 
Lat.. 33" 57' N.: Long., 92" 29' W. 

The period of olJscrvat,ion was appr.)siniately two yearp, during 
nliivii time -10 halc,s w ( w  olmvvcd, of wliic.11 nunibcr 37 w r e  solar 
and 3 w r w  Iiinsr. 't'lic montli of greatest frequeiicy waa Iariuary, 
Icnet, J ~ l y  Anyst. 

('01 i c n i  11 us, Oh {o. TI>cifhcr Bit reuu . 
L3t., 39" SY' N.; Long., 83' 0' W. 

Pi-rit,il of ulrservations extends fmni Jamary 1, 1906 to Derember 
41. l!Il i ,  during w1ii1:li timr 1% W P ~ C  ~ilis+?i*ved, of w\Lh 83 were solar 
a i d  102 lunar. Montli of greatest frequency, April, 2.4; least, buguet, 
0.2. 

oiiit of numbers 

but this is largely due to the generally smoky condition 
of the atmosphere. In Table 1, showing the gencral 
relation to precipitation of halos a t  this station, no 
a.tkvmpt is made to discriminata between the solar and 
thr luimr, spsivity of ohscrvations prohibiting. A 
striking similarity may he noted in the record a t  this 
:jt,t? tioil aiid the record of Waiisecin, Ohio, of the month.< 
of greatest, a.nd le& frequeiiay. During the 12 year.:; 
rword at Coluitibus, but one halo wn.s observed during 
the nionth of August. 

T ~ 1 ; i . p :  I .-h'clnfion c.i~is;s[iirg brliuwn kiilns nnd .uicbscpent pren'pi n- 
tioii. at ('oluitihs, Ohio, 1$06-1YliY. idus.cee. 

The record a t  Columbus, Ohio, in 
observed, is not as complete, apparent f y, as it might be, 

I ' l l " '  
Averajy diiration 01 halo. .__I  1.!11 3.4! I .  7' 1 1:' 1 !' ;. 4 2 . 1  2. 51 1.6) 1.31 1.81 1.51 1.8 

* Four hslus not considered because or idcomplete data. 

I -  I ; I __ . 

Table 2 slio~vs all stations arranged accorcling to lati- 
tude and longitude, and presnnts the relative value of 
the halo as H rain forecast for the sever-d localities. 
There n.re indications of a possible niaxinium prcenta e 

longitude decreases. 
of verificnt>ioiis in the higher .latitudes, increasing 8s t P le 


